We describe here a system for culturing epitheial cells isolated from hamster trachea, which results in a highly enriched population ofmucus-secreting cells. The culture systern has enabled us to study the process of secretory cell differentiation in vitro. We found that epitheial secretory cells, in vivo and after 5 days in vitro, selectively bind the lectin Helix pomatia agglutinin (HPA) to apical and, to a lesser extent, basolateral surfaces as well as to mucin granules and intracellular secretory organelles. SDS-PAGE gels ofdetergent extracts ofsecretory cells cultured for 5 days reveal three HPA-binding glycoproteins with MW of 120 KD, 220 1W, and >400 KD. The high-Mw glycoprotein appears identical to rnucin, since it is found in secretions from intact trachea and in spent media from 5-day cultures. It does not appear in spent media from 3-day cultures when cells contain few mucous granules and secrete little mucin. The I Supported by grant HL 19707. ED: A simple post-embedding sys-25 . Spicer 55, MartinezJR: Mucin biosynthesis and secretion in the respitem for the rapid demonstration of tissue antigens under the electron ratory tract. Environ Health Perspect 55:193, 1984 microscope.
Introduction
The major airways generally contain a dual system of mucous secretory cells, one located in the submucosae and the other in the epitheha (11, 26 In contrast, the 120 KD glycoprotein is present at both times.
HPA-gpl2O
is a hydrophobic integral membrane protein, whereas HPA-gp220 and mucm are hydrophilic and are membrane associated. These studies define three membrane glycoproteins, one of which is specific for the tracheal epitheial secretory cell regardless of its mucous content, whereas the other two glycoproteins correlate with mucin secretion. They also demonstrate that, in the fully differentiated state, mucin is bound in a noncovalent fashion to the apical plasma membrane of the tracheal epitheial secretory cell.
(J Histochem Cytochem 36:167-178, 1988) The gel was extensively washed with the same buffer, re-incubated in destain, and dried at 80'C on Whatman 3 MM paper. Autoradiographs were obtained using XAR-5 Kodak film.
The luminal contents of five fresh tracheas were washed out with cold MEM and the pooled washes centrifuged at 300 x g for 10 mm to remove cell components.
The supernatant was dialyzed against distilled water contaming 0.01% sodium azide and 2 mM PMSF for 2 days at 4'C and was then stored at -70'C until analyzed.
Extracellular
secretory products were To determine ifany ofthe HPA-binding glycoproteins were integral membrane proteins, cell membranes were extracted from 5-6-day cultured cells by lifting the cells with collagenase digestion from collagen gels as described above and then homogenizing them in 8.5% sucrose solution containing 20 mM HEPES with a power-driven teflon pestle. The homogenate was centrifuged at 600 x g for 10 mm to remove nuclei and the supernatant was centrifuged at 10,000
x g for 10 mm to remove particulate matter and then centrifuged again for 1 hr at 100,000 x g to isolate a crude membrane fraction. The membrane fraction was either immediately solubilized in the Triton X-100 solution or exposed first to 1 M NaC1 for 1 hr at 4'C, followed by centrifugation (10). The remaining pellet was extracted in detergent.
The total detergent-extracted membrane fraction, the high saltsolubilized membrane fraction, and the remaining detergent-extracted membrane fraction were then separated on SDS-PAGE gels and probed with
[251].HPA as described above. as the HPA-gpHMW, and also bound HPA (see Figure  9 ). Figure 10 shows the results ofseveral experiments aimed at dcfining the relation of each of the HPA-binding glycoproteins to the cell membrane. When cells that had been cultured for 5 days were exposed in the culture dish to neuraminidase, the apparent MW of the HPA-gp220 changed to an apparent MW of 240 KD (Figure  lOa) . These results suggest that this HPA-binding GP was located on the apical surface of the cells and was sialylated. Neuraminidase did not alter the apparent MW of HPA-gpl2O, but decreased the amount of HPA binding to HPA-gpHMW. All three HPAbinding GPs were present in crude membrane preps obtained from 5-day cells ( Figure  lOb) . Increasing ionic strength displaced the two larger HPA-binding GPs, while HPA-gpl2O remained in the detergent phase (see Figure  lOc) . These results suggest that HPA-gpl2O
HPA Binding Glycoconjugates
is an integral membrane GP, whereas HPA-gp220 and HPA-gpHMW are peripheral membrane proteins. Figure bc shows that when 5-day cultured cells are extracted in Triton X-114, HPA-gpl2O remained in the detergent fraction, suggesting that it is hydrophobic, whereas the two larger HPA binding GPs are in the aqueous fraction, suggesting that they are hydrophilic (2).
Discussion
We have established a HPA binding (arrowheads) to the apical surface of dissociated cells in culture for 1 (a), 3 (b), and 5 (C) days. HPA binding is more diffuse and the HPA layer is thicker at 5 days. Note the granules (G) at Figure 7 . On-section gold-conjugated HPA lectin binding to cells in culture for 3 days (a, b) and 5 days (C, d, e ). Note binding of HPA (arrowheads) in small amounts to apical surface (a) and basolateral surface (b) at 3 days, as well as binding to Golgi stacks. At 5 days, apical surface binding of HPA is more dense (C, e) and comparable to that seen in vivo, where granules seem to be discharging mucin. Bar = 0.1 sm. Figure 10 . SDS-PAGE gels probed with l'25l]-HPA. (a) Triton X-100 extract of cultured cells at 5 days. Control (c) and cells after exposure to neuraminidase for 30 mm (N). Note altered mobility of gp220 and decrease in heterogeneity of gpHMW. (b) Triton X-100 extract of whole cells cultured for 5 days (c), cell cytosol (cy). and cell membranes (MEM). All three HPA-binding glycoproteins are present in membrane extract. (C) Cells cultured for 5 days, extracted in Triton X-100 (c) or in Triton X-114 (AQ and DST). Glycoproteins segregating in the aqueous phase (AQ) of Triton X-114 tend to be hydrophilic and those in the detergent phase (DEl) tend to be hydrophobic.
'It
Membrane fraction of 5-day cells incubated in 1 M NaCI (NaCI) reveals only HPA-gpl2O as an integral membrane glycoprotein.
